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Objective

¢ Proof of concept for an onboard system for cloud
detection using High Performance Reconfigurable
Computers (HPRCs)

¢ Targets Landsat 7 ETM+ and ACCA algorithm to:

0 Determine an almost practical bounds on the
potential performance of HPRCs

0 Gain an insight into the system level
programmability and performance issues
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Motivations

¢ Why Cloud Detection?

0 Can render data useless in land-
use/land cover studies

O Critical in weather and climate
studies

¢ Why On-Board ?

0 Reduction of communication
bandwidth

0 Reduce cost and complexity of
ground processing systems

0 Enable autonomous decisions

¢ Why Reconfigurable?
0 Flexibility is Important for Space

0 High Performance, ..
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4
¢ Cloud Detection and Landsat 7 ACCA
4
4
4
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Remote Sensing

Multispectral Hyperspectral

¢ Multi-Spectral Imagery

0 A few to 10’s of bands
(LANDSAT = 8 bands,
MODIS = 36 bands,
SeaWiFS = 8 bands,
IKONOS = 5 bands)

¢ Hyperspectral Imagery Bi SV
0 100’s-1000’s of bands o Vavslngth ) 2* o Ve
(AVIRIS = 224 bands,

Multispectral / Hyperspectral Imagery

AIRS = 2378 bands) Comparison
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Landsat 7 AND Cloud Detection

¢ ACCA (Automatic Cloud Cover Assessment) T
for Landsat 7 ETM+ . il

0 ETM+ has 8 bands o T O T
0 ACCA algorithm uses Band2- Band6 Tl P e o

0 Threshold based - 8 filters (tests)

0 Three-Step approach
Landsat 7 Quantized

Raw Data
Calibration * """
Constants N°"_’ﬂa|l2 .

ation

| Pass Onel

|Pass Two |
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Cloud Detection Theory

& ldeais based on the observation that clouds are
Highly Reflective and Cold:
0 Highly reflective (in the visible, near- and mid- IR bands)

Visible Bands
» Green band (Band2 = 0.52 - 0.60 um)

¢ Measures green reflectance - Vegetation
discrimination

» Red band (Band3 = 0.63 - 0.69 um)

¢ Measures Chlorophyll absorption - Plant
Species differentiation

¢ Combined with Green Band shows land surface
as red-like
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Cloud Detection Theory (cnt’d)

Near-IR Band (Band4 = 0.76 - 0.90 pm)

¢ Determines soil moisture level >
Delineating water bodies and
distinguishing vegetation types
Mid-IR Band (Band5 = 1.55 - 1.75 ym)
¢ Differentiation of snow from clouds

0 Cold (in the thermal bands)

Thermal IR Band (Band6 =10.4 - 12.5 ym)

¢ Thermal mapping to Brightness
Temperatures

¢ Difference between 11 ym & 12 uym
highlights cloud boundaries
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Landsat 7 ETM+ ACCA
(Algorithm Outline)

¢ Normalization

0 Bands 2-5 (Reflectance bands)

0 Band 6 (Thermal band)

Calibrated to blackbody Brightness Temperature

ETM+ Spectral Radiance Range

watts/(meter squared * ster * pun)

32 | 9853 | 106 |1.0033] 182 |1.0167 | 258 | 1.0057 |
46 | 9878 | 121 [10076 | 196 |10165] 274 | 10011
60 | 9909 | 135 [10109| 213 [10149 | 288 | 9972

Before July 1, 2000 After July 1, 2000
Biid Low Gain High Gan Low Gamn High Gain
Number | LMIN | LMAS | LMDV | LMA3 | LMIN | LMAX | LMIN | LMAX
1 6.2 | 2975 | -62 | 1943 | 62 | 2937 | 6.2 | 1916
2 -60 | 3034 | -60 | 2024 | -64 | 3009 | 64 | 1965
3 -4.5 | 2355 | 45 | 1586 | -50 2344” -50 | 1529
4 -4.5 | 2350 | 45 | 1575 | 5.1 | 241.1 . -51 | 1574
5 . -1.0 .4770 -1.0 | 31.76 | -1.0 ”4?5?.” -1.0 | 31 06.
] 0.0 17.04 32 12.65 0.0 17.04 32 12.65
7 -0.35 || 16.60 || -0.35 || 10.932 | -0.35 || 16.54 | -0.35 | 10.80
8 -5.0 24400 -50 115840 | 47 | 2431 | -47 | 1583
Earth-5un Distance in Astronomical Units
’ng] Distance J];ha? Distance J;h:: Distance EJBha:l |Distance
1 | 9832 [ 74 [ .9945 | 152 [1.0140 227 [ 1.0128
115 | 9836 | 91 | .9993 | 166 [1.0158 | 242 | 1.0092

Calibration Constants

ETM+ Solar Spectral Iiradiances

Band

305
319
335
349
365

1

watts/(meter squared * pwm)

1965.000
1840.000
1551.000
1044.000
2257700
82.07
1368.000

ETM+ Thermal Band Calibration Constants

Constant 1- K1 Constant 2 - K2
watts/(meter squared * ster * wm) Eelvn
Landsat 7 666.09 1282.71
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Landsat 7 ETM+ ACCA
(Algorithm Outline)

¢ Normalization

0 Extract the calibration
constants (L;nu Lyvaxa 9.
Esunn s Ky, Ky) from the
tables depending on the
information in the data file
headers

0 Calculate radiance (L)) for
captured data

0 Calculate reflectance (p) for
band 2-5

0 Calculate temperature (T)
for band 6 only

¢ Reflectance is alinear function
of the raw quantized data (Q_,)

¢ Temperatureis a non-linear
function of the raw data

ESTC 2006
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Landsat 7 ETM+ ACCA
(Algorithm Outline)

4 Pass One
0 Identifies clouds (produces Cloud Mask)

0 Minimizes errors of commission

I Normalization I

v

ESTC 2006

El-Araby, GWU

I Pass One I

Filter Function +
1 B“glml;:z ﬂl;e";huld Elimmates dark umages I Pass Two I
Normalized Difference SnowIndex | |
2 (N;)ijg Elinmates many types of snow
NDST = 22— <07
B+ B,
3 Temperature Threshold Elunmates warm umage features
B, <300K ' = '
4 Band 36 Composite Eliminates nuumerous categories meluding ice
\1- 5 1B, < 225 ' ' = =
Band 4/3 ratio
5 B .5 Elunmates bright vegetation and soil
3
Band 4/2 ratio
6 L Elimmates ambiguous features
2
Band 4/5 ratio
7 By -1 Eliminates rocks and desert
5
Band 5/6 Composite
8 (=808, > 210 = warm  clouds Distmguishes warm clouds from cold clouds
(1- 2, )8 = 210 = cold clouds

June 27, 2006
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Landsat 7 ETM+ ACCA
(Algorithm Outline)

Classification Rule
Snow NSDI = it =07 | AND ( B, > {}_1.}‘4
B, +B
B -,
Desert ~4 - 0.83°
B A
NotCloud (B, <0.08) OR (By >300) OR (Show)
Ambiguous ((1-B; )B; =225) OR | R 2 ‘ OR | = 2 | OR (Desert) | AND (~ NotCloud)
\ LS A Lo S J
ColdCloud ((1- B;)B; =210) AND (~ Ambiguows ) AND (~ NotCloud )

WarmCloud

((1— B5)B; <210) AND (~ Ambiguous ) AND (~ NotCloud )

ESTC 2006

Classification Rules for Pass One [2]
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Landsat 7 ETM+ ACCA
(Algorithm Outline)

4 Pass Two
0 Defines ambiguous clouds

ESTC 2006

Thermal properties of clouds identified during Pass One are
characterized and used to identify remaining cloud pixels

Band 6 statistical moments (mean, standard deviation, skew, kurtosis)
are computed for clouds identified during Pass One

The 95t percentile becomes the new thermal threshold for Pass Two

Image pixels that fall below the new thermal threshold and survive the
first three Pass-One filters are classified as clouds

T]=£2Xi’ n 1|_ (X 77)2

n &
1 & X —
Skewness = — ( M )
n & o
] 1 &/ X - ’
Kurtosis = 2 Bl
n-3& o
El-Araby, GWU June 27, 2006
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¢ Implementation Approach
0 Architectural Modules
0 Testbed (SRC-6 and Cray-XD1)

\ 4
\ 4
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Top Hierarchy Module

band2 | B2 |
band3 3
an | B |
band4 B4 Mask,
2 ——3p Normalize —___p ' PassOne
band5 | B5 |
band6 B6
—> ——>

Mask,

> Pass Two
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Normalization Module

B, a,
B
band?2 ~ P2 2 >
Bs O3
B
band3 6B P3 3 >
p; = B, xband. +a, , 1=2,3,4,5,6
Bs Oy _
band4 o0 )P B, »Bi = ,Oi , 1= 2;314;5
K
2
1
band5 Bs > In[ —+1
Ps
Cl
band6 » Bs >
ESTC 2006 El-Araby, GWU June 27,2006 17



Pass-One Module

ESTC 2006

bSbb

Classification Rule
@ Snow NSDI = B, - B, -~ 0.7 | AND (B, > 0.1y
B3 B, + B,
€D B
B4 Desert —£ <083
- -
o NotCloud (B, <0.08) OR (B, >300) OR (Snow)
= Ambiguous ((1—B;)B; >225) OR | > 2| OR | > 2| OR [De.wrr_}‘ AND (~ NotCloud)
] et 2 \ a4 V= /
policrcs ColdCloud {(1- 5B ']Bé =210) AND (~ Ambiguous ) AND (~ NotCloud )
an SN0y
WarmCloud (- B;)B, <210) AND (~ Ambiguous ) AND (~ NotCloud )
bands — .
P ean Classification Rules for Pass One [2]
snow_test SN0
Pl biainicl 3 not_niot_cloud
] bands
not_cloud test
P bzl
desert
P bzl
L rict ot _cloud
desert_test el clezert
i bz 2
. — not_ambiguous
P banicld
] bizniciS_bancE
ambiguous_test ¥ net_net_cloud
o] barcis not_ambiguous mazk
bands_bands el bands_bands magk
W bancts Cold_Cloud_Myarm_Cloud_test
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Optimizing Hardware Resources Usage

(Linearization of the Normalization Function)

B, C,
band? B, > P; = /))i Xbandi +a,; , | = 2,3,4,5,6
B.=p, , 1=2345
B3 O3
1
band3 - Bs K2 1-—
> . K, K, K, ‘o
= = 6
" T KiLq) 1In(K) @+ in(k,)Y
band4 . .~ gl 54» Ps
Bs a;
1 1
KoJl-— |'a KoJl-—1|-
band5 s A, By > K2 2( Kl) 6 2( Kl) ﬁ6
B, = + + x band,
5 z 1+In(K,) @L+In(K,)y @L+In(K, )Y
band6 on Bs >
B, = & +d xband,
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Optimizing Hardware Resources Usage (cnt’d)
(Algebraic Re-Formulation of Pass-One Filters)

Classification Rule
Snow ‘ nspr =228 o5 ‘ AND (B, > 0.1y
W 2 + 5 v
Desert Bi 0838
B
B, NotCloud (B, <0.08) OR (B, >300) OR (Snow)
ol (1-B,)B, >225) OR | % >2| OR| % >2| OR (Desert) | AND (-~ NotCloud)
\ A ] /] W A !
ColdCloud (01— B,)B, 2210) AND (~ Ambiguous) AND (~ NotClowd )
WarmCloud (- B;)B, <210) AND (~ Ambiguous ) AND (~ NotCloud )
Bs Classification Rules for Pass One [2]
snow
Division Eliminated
B,

0.1

Snow-Test Module

ESTC 2006 El-Araby, GWU June 27, 2006 20
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¢ Implementation Approach
0 Architectural Modules
0 Testbeds (SRC-6, and Cray-XD1)

\ 4
\ 4
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SRC Hi-Bar  Based Systems

Hi-Bar sustains 1.4 GB/s per port with 180 ns latency per tier
Up to 256 input and 256 output ports with two tiers of switch
Common Memory (CM) has controller with DMA capability
Controller can perform other functions such as scatter/gather
Up to 8 GB DDR SDRAM supported per CM node

® 6 ¢ o o

SRC Hi-Bar Switch

SNAP L Corflrrlos] R Copll o]
MAP s e Megsiory Megsiory
VIETIEN

wP Chaining

Gg itt':fmﬁ _ GPIO SRC-6

: Storage Area Local Area Wide Area
Disk Network Network Network

ESTC 2006 El-Araby, GWU June 27, 2006 22
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SRC Reconfigurable Processor

1400 MBIs 1400 MBIs
sustained sustained

payload payload

Microcode
ROM

Config

4800 MB/s ROM
(6 x 64b)

Six Banks
Dual -ported
On-Board Memory
(24 MB)

4800 MB/s 4800 MBJs
(6 x 64b) (6 x 64b)

4800 MB/s

User Logic 1 192b User Logic 2
XC2Vv6e000 XC2V6000

Chain 2400
Ports MBls
each
Source: [SRC]
ESTC 2006 El-Araby, GWU June 27, 2006
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Cray XD1 System Architecture

(One Chassis)

Cray XD1 chassis

Opteron — Opteron

I I

Opteron = Opteron

Opteron — Opteron

|=—j—— RapidArray processor
(RAP) connects to

I I

RAP RAP RAP RAP RAP RAP Opteron at 3.2 GB/s
Opteron — Opteron Opteron — Opteron Opteron — Opteron
= == I I I | I RA link: 2 GB/s
RAP RAP RAP RAP RAP RAP
) ) Expansion
Main 24-port switch 24-port switch
RapidArray components in a Cray XD1 chassis
- HyperTransport
to SMP Neighbor
" Compute Module Com pute
- ) ¢ 12 AMD Opteron 32/64
GBIs GBis O — bit, x86 processors
QDRI QDR Il | .
RAM RM'IJ ¢ High Performance
it )

_n Linux

RapidArray Interconnect

3.2
2 GBls T
2 2
cBis |GBis Ge/s
v oo Neighbor
RapidArray Compute Module
ESTC 2006 El-Araby, GWU

u ¢ 12 communications

processors
QDR If J|
RAM

¢ 1 Tb/s switch fabric
Active Management

¢ Dedicated processor
Application Acceleration

& 6 co-processors
June 27, 2006
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¢ Experimental Results
0 Detection Accuracy

0 Measurements
0 Performance

ESTC 2006 El-Araby, GWU
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Detection Accuracy
(Software/Reference Mask, Hardware Masks)

Band 2 (Green Band) Band 3 (Red Band)

| # - | # N | # o
Band 6 (Thermal IR Band) Software/Reference Mask ~ Hardware Floating-Point Mask ~Hardware Fixed-Point Mask
(Approximate Normalization) (Approximate Normalization)

ESTC 2006 El-Araby, GWU June 27, 2006 26



Detection Accuracy (cnt’d)
(Approximate Normalization and Quantization Errors)

(rows-1) (columns-1) (

Xij — yij‘)

error = —— 1=
rows x columns
where
X = output image ,
A ey e ey "y = reference image

Reported Error (1.02 %)
by Williams et al. [2]

Hardware Fixed-Point (12-bit) Hardware Fxed-Point (23-bit)
Error (0.2676 %) Error (0.1028 %)
ESTC 2006 El-Araby, GWU
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Detection Accuracy over Water

ESTC 2006 El-Araby, GWU June 27, 2006 28



Detection Accuracy over Water
(Software/Reference Mask, Hardware Mask, Error Mask)

Band 2 (Green Band) Band 3 (Red Band) Band 4 (Near-IR Band) Band 5 (Mid-IR Band)

Band 6 (Thermal IR Band) Software/Reference Mask Hardware Hoating-Point Mask Approximation Error
(Approximate Normalization) (0.9102 %)

ESTC 2006 El-Araby, GWU June 27, 2006 29



ACCA Resource Utilization

Platform MAP Virtex 1l 6000 Platform MAP Virtex-ll 6000
Speed 100 MHz Speed 100 MHz
Slices 4,623 (13%) Latency 78 Stages
LUTs 3,865 (5%) Slices 17,565 (51%)
Slice Flip Flops | 8.023 (11%) LUTs 20,885 (30%)
MULT 18X18 6 (4%) Slice Flip Flops | 23,005 (34%)
RAMB16 6 (4%) MULT 18X18 36 (25%)
VHDL Fixed-Point (23-bit) of MAP-C Floating Point (Single-Precision) of
Pass-One Pass-One
Platform MAP Virtex-11 6000
Speed 100 MHz
Latency 1184 Stages
Slices 31,117 (92%)
| _ LUTs 37,977 (56%)
s One & partall | Slice Flip Flops [ 40,584 (60%)
Pass-Two MULT 18X18 59 (40%)
ESTC 2006 El-Araby, GWU June 27,2006 3(



Multi-Node Measurements Scenarios on SRC-6

SRC Hi-Bar Switch

ESTC 2006 El-Araby, GWU June 27, 2006 31



Multi-Node Measurements Scenarios on Cray-XD1

El-Araby, GWU
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ESTC 2006

SRC-6 vs. Intel Xeon 2.8 GHz

(Hardware-to-Software Performance)

Total Execution Time

60.00
5000 4302
. 4000
» 3000
€ 2000 1207 12.06 605
1000 ) 246 152
000 ; ;
Xeon 2.8GHz Hoating Point1X Fxed Point1X Hoating Point2X Hoating Point2X Fixed Point8X
Comp/8XData
Speed Up
40
283
30 |
175
20 1
71
10 1 10 36 36
0
Xeon 2.8GHz Floating Point1X Fixed Point1X Floating Point2X Floating Point2X Fixed Point8X

Comp./8X Data

El-Araby, GWU
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Multi-Node Execution Time

ACCA on SRC-6

Number of Processing Time (msec) Communication
FPGAS I Engine/Chip | 8 Engines/Chip Qvermead;{msec)
1 12.07 1.52 0
2 6.035 0.76 4.01
4 3.0175 0.38 4.2

ACCA on Cray-XD1

Number of Processing Time (msec) Communication
Nodes I Engine/Chip | 8 Engines/Chip Ryermead {msec)
1 3.16 0.39 0
2 1.49 0.19 3.9
4 1.01 0.13 4.5
5 0.75 0.09 4.49
6 0.67 0.08 4.58
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Concluding Remarks

¢ We extended our previous effort [3] by:

0 Investigating the potential of using multi-node HPRCs for on-
board preprocessing

¢ Landsat 7 ETM+ ACCA algorithm was selected to:
0 Determine an almost practical bounds on the potential
performance of HPRCs

0 Gain an insight into the system level programmability and
performance issues

4 We studied and characterized the scalability of the application:

0 On two of the state-of-the-art reconfigurable platforms, SRC-6
and Cray-XD1 at HPCL/GWU

¢ The workload was distributed over all nodes using MPI:
0 We scattered the input five bands across all nodes, and

0 Gathered the resulting mask pixels from all nodes at the base
node

ESTC 2006 El-Araby, GWU June 27, 2006 35



Concluding Remarks (cnt’d)

¢ The computation scalability on both machines was shown to be
close to ideal

0 The communication overhead was almost constant irrespective
of the number of nodes

0 The inherent parallelism of the application was fully exploited

& A deviation in the overall scalability from the ideal was observed
and analyzed:

0 Overheads, such as communications, must be at a much lower
levels than what is accepted in conventional high performance
computers

€ The results also showed that:

0 We may not need very large machines that are characterized
with high overhead when HPRCs are used, which is a
requirement for on-board preprocessing

ESTC 2006 El-Araby, GWU June 27, 2006 36
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SRC Software Environment

Application sources

.cor.f files

A

y

HDL
sources

.V files

{MP Compiler } {MAP Compile5=

.edf files

User
Macro sources

.vhd or .v files

y

Object
files

ESTC 2006

A

4

of

A

iles

.0 files

— |

Linker

!

Application
executable

{Logic synthesis}

.edf files

.

—{Place & Route}

A4

.bin files

El-Araby, GWU

Configuration
bitstreams
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Single-Node Measurements Scenarios on SRC-6

i P Functions
; MAP H ;
g Function ;
» MAP Read CM to OBM Write MAP |
1 | Alloc. P Data OBM Compute ¥ o cM ? Data P Free —>
Transfer-In ¥ " Com putations"l’ransfer-Ou :
: Repeat
: Nyreanstimes (@ :
: < End-to-End time (HW) >
< — _ >
Configuration + End-to-End time (SW)
Allocation < End-to-End time with I1/O > Release
time time
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Hardware Computation Throughput

(Hardware-to-Hardware Performance)

Computation Throughput

1000

800

800
(8]
()
¥ 600
°©
.S_f 400 |

200
= 200 - - 100
0 T
Previous Work [2] 1 ACCAEngine 2 ACCAEngines 8 ACCAEngines
Speed Up
20
16
15 4
10
4
51 2
1
0
Previous Work [2] 1 ACCA Engine 2 ACCA Engines 8 ACCA Engines
El-Araby, GWU
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Cloud Detection: Example Satellites and Algorithms

Landsat 5

MODIS

ESTC 2006 El-Araby, GWU June 27, 2006 42



Optimizing Hardware Resources Usage
(Linearization of the Normalization Function)

o; =B, xband. +a, , 1=2345,6

B.=p, , 1=2345

B _ KZ _ KZ _ K2 — KZ
. = — -

In(2+1) |n(:(1+ﬁj)] In(;) |n(1+ﬁ61) In(Kl)—In(p6)+In(1+/|iﬁl)

when [x] <1 = In@+x)=x

|

=1+ X

" 1-X

1

' (O<p6<1) and (K >>1)=>O<i6 <1$In(1+ ﬁGJE Ps

o Bg = K, K, K,

in(K,)- In(p6)+ln(1+ﬁ6) In(K, )- |n(1+(p6—1))+|n(1+ﬁ6) n(c,)- (o, ~1)+ 2
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Optimizing Hardware Resources Usage
(Linearization of the Normalization Function)

B. = K2 = K2 ~ K2 - KZ . 1
o Ps - Ps - 1 _1+|n(K1) 1
|n(K1)—(p6 _1)"'7 1+In(K1)_p6+7 1+In(K1)—p6 1-— 1-—
Ky Ky K, . K,
Pe 1+In(K,)
-
+(0<pg <1) and (K, >>1)=0< p, .1+|n(|21)<1
K 1 K 1_K1) K KZ‘(l_Kl
- B = 2 - = 2.1 : 1) | 2 1)
° 1+In(K,) s 1+in(€,) |77 1ein(,)| T 1o in()” L+ In(K, )y Pe
1-p; - "
Pe 1+In(K,)
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Optimizing Hardware Resources Usage
(Linearization of the Normalization Function)

ok
B, = L, K + A X D¢
In(K1+1) 1+In(K,) @+ In(K,)Y
Ps

Ps = B xband; + a;

el

o By = band
° 1+In(K) @+ In(K, ))Zx(/g6>< andy +c)
K, -1 as | | K, 1 *Pe
B6 = K2 + Kl + Kl Xband6
1+In(K,)  @+In(K,)f @+ In(K,)f
86 =C +<S><band6
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Top-Level Architecture of the ACCA Algorithm

band2
band3

band4

bandt

alpha2
alpha3
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alphas
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hetad
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hetak

clk
rst
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- . B3 o

B»— Normalize Reg0 p-= » Pass_One p—|Regil —— Pass_Two
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Normalization Module

band2 P2 B, | |band2 B,
Rs 03 Bs a3
=8 ta . 1=23456
band3 | | N e B, | |bancs - B, o= Bxband +a; , 1=234506
»{MuLT > MuLT > B=g . i=2345
R u B o cl1-t
4 4 4 4 q q 1 C}
band4 P B, band4 B, b= E1 logC |+1 losl 7%
{MULT e ADD o > T e ADD — log[gﬂl +log|C 1 (L+log(C, I
8o
Bs s B ds C 1_i B,
band P B B B = Ga ! xband;
L (UL T jeb{ ADD ot — pen® ADD — 6_1+log'Cg' '1+log'C2"2
B, = &+ ¢ xband,
Rs s 2 1 Ci 6 ¢
B B
bando »(MULT j=b{ ADD it »( DIV @ @ DIV iy | | 2206 ADD —
Colpg
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Normalization Module

. 5 p; = PB;xband, +o; , 1=2345,6
hand2 P ? hand2 2 .
il L — —  |B,=p,, i=2345
K
Ba - 2
SO I |n(Kl+1J
hand3 P B, band3 B; Pe
P MULT ADD P ADD g 1
K,[1->
B, = K, + Ky X0
e b () G, )
bandd Py B, band4 By 1
»{MULT ADD > MULT ADD + K (1_) -a
2 6
K, .\ K,
B ;s B s 1+In(K,) @+In(k, )y
band5 Ps B; band5 By B =
{ MULT ADD > ADD > 1
Kz 1-— 'ﬁs
- ! xband
Ps g 2 1 C 0 6 (1+ In(Kl ))2 :
band6 | | Ps @ B; | |bands B |
P MULT ADD DIV C2/p6 DIV > ADD > 86 - C +6 xbands
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Normalization Module (cnt’d)

band2
alpha2
o >
bandl >
alphal [P
betad [
-
bandd [
alphad [
betad [P
-
bands [
alphas [P
betas [
&
bands [
alphat [P
bets6 [
ck  ED—@
ret
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(Optimizing Hardware Resources Usage by Algebraic Re-Formulation)

Pass-One Module

Classification Rule B
f \ 2
| Nspr = Bi=Bs 07| aND (B, > 01Y T
\ , + B )
B st
B
(B, < 0.08) OR (B, > 300) OR (Snow)
- Bs
4 [Basa ] oplBaas] : . e
((1- By )Bs >225) OR | 5 22| OR | = | OR (Desert) | AND (~ NotCloud)
L \ B; ) \ B, |
(1= B,)B; =210) AND (~ Ambiguous) AND (~ NotCloud )
WarmCloud (1= B,)B,; < 210) AND (~ Ambiguous) AND (~ NotCloud )
S . snow
Classification Rules for Pass One [2] —>
_1 —
B2 Division Eliminated B4
B3 o B, — B, -
(D NSDI =—=—250.7 [AND(B, >0.1); &
B4 B, + B,
G = eT
B5 {(B, =B.)>0.7x(B, + B, ))AND(B, > 0.1)}
GO
B6 e <: > 0.1
Pl bandd snow
snow_test L Snoww
o bands not_not_cloud p—e
not_cloud_test
| banci4
desert
| bands
not_not_cloud
desern_test P clesert
Pl banci2
»bands niot_ambiguous
: wiS_bands
ambiguous_test =iy frce. ot Cloud
| bands not_ambiguous mask I
band5_bands | bands_bands mask
B bands Cold_Cloud_Warm_Cloud_test
b5bE
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P B

Pass-One Architecture

._:-:--
—[-

>
L

i

R
\
'LI
classifier
V_255 WV_254 WV_55
2 = = =
7
(5
5
4
cloud_mask
3
1 i
o
ND
= -—rT
E ot _cloud
| & -
= *
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Test Bench
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clock_generator

Tester Architecture

Vee

coefficients_injector

Pl =CONU_STD_LOGE _VEC TOF o186, aphas_ Wi,

L aphas<=CONY_STD_LOGK _VECTOR -47500, aphad_wiit);

- aphab-=CONV STD_LOGK VECTO R -29078, aphal_wkit);

L apias==CONV_STD_LOGK VECTOR - 104904, aphas_wiity;

L apias-=CO NV STD_LOGIK VECTO R (1230685013, aphas_wiit);
aphas=="00111 11100101 10100011 1100101 1111017

e to=CONY_STD_LOGK _VECTOR @300k, beti_wiit);
e ti3<=CONY_STD_LOGK _VECTORG21E2, betad_whith);
e til=CONY_STD_LOGK _VECTOR (15370, be tid_wiith);
e tiS<=CONY_STD_LOGK _VECTO R (306543, betas_wiit);

e QR —ec=
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Image Reader and Writer

endfile(our_file)

ip

Image-Reader

Image-Writer

clk en="1"

Read_Header

i

Read Data Pixels

v

start_of file<="1";
end_of_file <='0";

Em

pgm_header_flag = '1

Write_Header

A4

start_of file<="1";

Write_word_of_pixels

assert false report "Done Image Processing” severity failure;

end_of file <="1"
data_out <= (others=>'0");

.

End End
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